Th e cause of acute and severe hypoxia of the organism is acute posthemorrhagic anemia. To eliminate posthemorrhagic anemia in animals, the perfl uorocarbon blood substitute Perftoran (Russia) with a gas-transporting function was used. Th e aim of this study was to determine the clinical eff ectiveness of the perfl uorocarbon based blood substitute Perftoran with a gas-carrying function in acute posthemorrhagic anemia in animals and reveal possible side eff ect of the blood substitute and remove them. In the study conducted in the Clinic of Veterinary Medicine of Pushchino Research Center (Russia) participated 20 cats of both sexes, who were admitted with internal bleeding as a result of injuries. Th e animals were divided into two groups: the control and the treatment groups (10 per group). All animals with anemia were examined according to the standard scheme: anamnesis vitae and anamnesis morbi, physical examination (basic methods of research were used), additional methods that were used: complete blood count (CBC) and biochemical analysis of blood (BA), microscopy of blood smears, abdominal ultrasonography. Based on the obtained results, we can conclude that the use of the gas-carrying substitute for donor blood Perftoran in the treatment group of animals with posthemorrhagic anemia, which resulted from polytrauma, eliminated tissue hypoxia; the treatment of the animals in the control group with standard solutions (by infusing Stabisol) without gas transport correction led to the development of persistent hypoxia, which persisted to the stage of reticulocyte crisis.
INTRODUCTION
The pathological condition of organism with a decrease in the total amount of red blood cells (RBCs) and hemoglobin in the volume of blood is called anemia. The etiological factors of anemia are diverse; they can be congenital, acquired, but regardless of the cause and pathogenesis, the common result of anemia is the decrease in the total amount of hemoglobin and RBCs in the volume of blood and as a consequence -the decrease of oxygen-carrying function of RBCs and the development of hypoxemia and hypoxia (1) (2) (3) (4) .
The most frequent cause of acute and severe hypoxia in both human and veterinary medicine is acute posthemorrhagic anemia. Acute posthemorrhagic anemia develops during the massive blood loss of 20% of the total circulating blood volume (CBV) (2, 3) . Usually this pathological process is the consequence of injuries. There are four stages in the dynamics of acute posthemorrhagic anemia, as indicated by Alexeev et al. in his work (1) .
The first is a stage of collapse and it occurs immediately after the blood loss and lasts approximately one day after the bleeding ceases. At this stage the clinical picture is dominated by the symptoms of collapse, whereas the picture of peripheral blood has almost no deviation from the norm, because with rapid massive blood loss the decrease in hemoglobin and RBCs is only due to the decrease of CBV (1) (2) (3) (4) (5) . Compensatory factor in this stage is peripheral vascular spasm. The second is a hydremic stage in which decrease in CBV leads to the activation of mechanisms directed towards restoring the amount of fluid circulating in the vascular system: the tissue fluid passes into the vessels; the resulting thirst stimulates the flow of water into the body, which, along with a decrease in dieresis, which develops as a result of both the spasm of kidney vessels and the delay of sodium in organism under the influence of aldosterone released by adrenal glands, leads to an increase in the amount of water in vascular bed (2) (3) (4) (5) (6) (7) . At the same time the release of RBCs from depots to blood occurs. Hypoxia, which occurs immediately after the blood loss, activates the secretion of erythropoietin by the kidney and stimulates erythropoiesis in the bone marrow. But this process takes time, thus its first signs are observed only on the 4th-5th day after the blood loss. By that time the second stage ends and the third stage begins (2) (3) (4) (5) (6) (7) . The final stage is a stage of reticulocyte crisis and stage of recovery in which erythropoiesis intensifies, which is indicated by the significant increase of reticulocytes, immature RBCs, in the volume of blood (9) . As a result of the processes developed in the stage of reticulocyte crisis the hemoglobinization of RBCs is normalized, the color index is restored. Together with erythropoiesis, leukopoiesis is also stimulated, which is manifested in a slight leukocytosis (3) (4) (5) (6) (7) (8) 10) .
The greatest effect on the animal's organism hypoxia has is in the hydremic stage, since all RBCs reserves are consumed, and the number of RBCs may continue to decrease as a result of autoimmune hemolysis (5, 6) . Cats' RBCs have their own features: they are more spherical and smaller in size (40-50 μm) than dogs' RBCs. Their lifespan is relatively small: from 60 to 80 days. Cats have two types of hemoglobin: HbA and HbB; they are present in different ratios in different individuals and have less affinity for oxygen, than hemoglobin of other animals (7, 8) . Considering the morpho-physiological features of cats and stages of posthemorrhagic anemia, it is necessary to immediately carry out therapy aimed at eliminating hypoxia of the organism.
The best effect on elimination of systematic hypoxia can be achieved through blood transfusion, but in cats, unlike dogs, blood transfusion can lead to adverse reactions even with the first perfusion; furthermore, it is impossible to collect a clinically significant amount of blood from a donor cat (5) (6) (7) (8) (9) .
It is known that cats have three blood groups: A, B and AB. It is necessary to perform cross-matching, since if the donor's and recipient's blood is incompatible, the severe hemolytic reaction will occur due to the appearance of alloantibodies. The most severe reaction occurs when the RBCs of the blood group A is administered to the recipient of blood group B (7, 10) . However, knowledge of the blood groups of the donor and recipient does not guarantee prevention of hemolytic reaction; antibodies can be present, bonded with other factors of the blood group, which have not yet been well defined in cats (9) (10) (11) (12) . Furthermore, with transfusion of incompatible blood in cats, the lifespan of donor RBCs is only several hours, therefore the therapeutic effect cannot be achieved. On the 15th day of the blood storage RBCs significantly lose elasticity of the membrane and deformability, which also reduces their therapeutic effect (13) .
Well, in severe forms of anemia the use of donor RBCs in cats is limited and poses a serious threat to the recipient. Therefore, the question arises, whether the use of an artificial blood substitute, which has a gas-carrying function, for anemia in cats is advisable. The aim of this study was to determine the clinical effectiveness of the perfluorocarbon based blood substitute Perftoran with a gas-carrying function in acute posthemorrhagic anemia in animals and reveal possible side effect of the blood substitute and remove them.
MATERIALS AND METHODS

Ethical approval
All of the experimental procedures and were carried out in accordance and with the permission of the Institutional ethical committee for the welfare of laboratory animals.
Protocol of study and animals
In the studies conducted in the Clinic of Veterinary Medicine of Pushchino Research Center (Russia) partici-pated 20 cats of both sexes, who were admitted with internal bleeding as a result of injuries. The animals were divided into two groups: the control and the treatment groups with n=10 in each.
In the first, control group, traditional infusion therapy was used, which included the use of a colloidal solution Stabisol in a dose of 20 ml/kg with the oxygenation by medical oxygen with a flow saturation of O2 = 87-95,5 %, productivity 5 l/min (oxygen concentrator Armed 7F-5L).
According to the instruction for use, Stabisol is a volume expander (plasma-substituting agent) and a 6% isotonic solution of synthetic colloid hydroxyethyl starch (HES) with an average molecular mass of 450000 Da. Stabisol HES 6% has a volemic effect within the 85-100% of the administered volume, which lasts for 6-8 hours, which is due to the ability of the drug to bind and retain water in the intravascular space. Stabisol HES 6% improves the rheological properties of blood and microcirculation, as well as cerebral and feto-placental blood flow (including by reducing the hematocrit). This leads to improved blood supply to tissues, a decrease in plasma viscosity and platelet aggregation and prevents RBCs from aggregating.
In the second, treatment group, in addition to the colloidal solution of Stabisol, perfluorocarbon blood substitute Perftoran was used. Perfluorocarbon blood substitute Perftoran was developed in USSR-Russia in the period 1979-1996. Main works were carried out at the Institute of Biophysics of the USSR Academy of Sciences and continued at the Institute of Theoretical and Experimental Biophysics of the Russian Academy of Sciences; from 1979 to 1985 under the supervision of F.F. Beloyartsev and G.R. Ivanitsky; from 1986 to 1997 under the supervision of S.I. Vorobyev.
Synthetic blood substitute Perftoran is a 20% emulsion of perfluorinated compounds (PFCs) nanoparticles, emulsified to an average size of 100 nm, and a gas-carrying substitute for donor blood, and, in terms of its functions, it is best suited for eliminating hypoxia in animals that has developed as a result of anemia. Most effectively the drug realizes its properties in the first 6 hours after infusion, when breathing pure oxygen or air, enriched with oxygen to 60-70%. Due to the presence of chemically inert perfluorinated compounds in the drug, it is capable of dissolving O2 and CO2 up to 7 vol% (with pO2=760 mmHg) and 60 vol% (with pCO2=760 mmHg), respectively. Admitted into a clinic animals with anemia were prescribed emulsion Perftoran in a dose of 10 ml/kg (this dose was recommended by the manufacturer in case of the blood loss). Infusion was carried out on animals on the 1st, 2nd, 3rd, 5th and 7th day after injury. Drug administration started with a bioassay (a gradually controlled administration): 0,1 ml of the drug was diluted with 0,9% NaCl to 5 ml, injected slowly intravenously, and then drip with pauses of 60 s -3, 5, 10, 30 drops, gradually increasing the rate of infusion to 1 drop per sec.
In admitted sick animals viral infections were excluded: viral leukemia of cats and viral immunodeficiency using rapid tests (Vet-Expert, Poland) through chromatographic immunochemical analysis. All animals with anemia were examined according to the standard scheme: anamnesis vitae and anamnesis morbi, clinical examination (basic methods of research were used), additional methods that were used: complete blood count (CBC) and biochemical analysis of blood (BA), microscopy of blood smears, abdominal ultrasonography.
For the CBC, hematological analyzer (Mindray BC-2800 vet, China) was used, which made it possible to monitor the gas composition of peripheral blood. The degree of anemia was determined by the hematocrit level.
For the pulse oximetry of injured animals, during the surgical intervention the device Mindray iPM 10 vet (China) was used to determine the peripheral oxygen saturation -SpO2.
BA of blood was performed using the biochemical blood analyzer IDEXX VetTest 8008 (USA) and Reflovet Plus (Switzerland); the lactate level was determined, which showed the degree of hypoxia at the cellular level, as well as the content of creatinine, urea, K+, Ca2+, bilirubin, which gave information about the functional capability the of kidneys and liver.
Ultrasonography was performed immediately after the admission of the animals to clinic. To visualize the structure of the parenchymal organs, tumor changes and the presence of free fluid in the abdominal cavity, the system with the color doppler Mindray Z6 (China) was used.
Statistical analyses
Statistical data processing was carried out in the Mat-Lab program. During the analysis, the arithmetic mean values and standard deviations were calculated. The hypothesis of equality of means in two groups was tested using one-tailed Student t-test for independent samples.
RESULTS
Effects of colloidal solution Stabisol (Control group)
By admission the clinical picture of the animals in the control group was dominated by symptoms associated with a decrease in total CBV: a sharp drop in blood pressure, paleness of skin and visible mucous membranes, tachycardia and tachypnea; hematological and clinical signs corresponded to the first stage of posthemorrhagic anemia (stage of collapse). At the same time, the hematocrit and the lactate level remained within the normal range, since the tissue hypoxia had not developed yet, and the proportional loss of plasma and blood cells did not affect the hematocrit. After the intravenous infusion of Stabisol in a dose of 20 ml/kg, the animals underwent surgery to eliminate the internal bleeding. The peripheral oxygen saturation SpO2 in animals under general anesthesia was 89-93%, and only with intensive oxygenation SpO2 increased to 95%, which indicated acute hypoxemia. The animals heavily recovered from general anesthesia, the condition of three patients were critical.
Thus, in cats of the control group, posthemorrhagic anemia in the stage of collapse had a sufficiently clear clinical picture, but without the characteristic hematological changes.
On the 2nd day after the blood loss, distinct hematological signs of anemia showed in the animals: the hematocrit decreased to 19%, the lactate level increased to 6 mmol/l. The clinical picture was manifested in the form of "porcelain" mucosa, shortness of breath, oppression, feed refusal and tachycardia. These hematological changes characterized the second stage of posthemorrhagic anemia (hydremic stage). The animals were given infusion of Stabisol 10 ml/kg and intensive oxygen inhalation.
On the 3rd day after the bleeding, the animals continued to be in a serious condition, distinct signs of hypoxia were evident: tachycardia, tachypnea, diaphragmatic breathing, anemic mucosa, increased thirst, loss of appetite. The animals were given another infusion of Stabisol in a dose of 10 ml/kg and intensive oxygen inhalation. The hematocrit was at the level of 20%. The lactate level increased to a critical value of 6,9 mmol/l. There was a lethal outcome in one animal.
On the 5th day of the animal observation, the general state stabilization was noticeable: appetite improved, the hematocrit increased to 25%, which was reflected in an increase in activity, the mucous membranes became pale pink, and tachycardia disappeared. The lactate level was reduced to 5,8 mmol/l, but with an increase in activity animals had shortness of breath. Clinical picture corresponded to the third stage of posthemorrhagic anemia (stage of reticulocyte crisis). The animals were given another infusion of Stabisol in a dose of 10 ml/kg and intensive oxygen inhalation.
On the 7th day of the animal observation, hematocrit of the animals in control group increased to 30,8%, the level of lactate decreased to 2,7 mmol/l; with increased activity, shortness of breath was absent, appetite improved, mucosa was pale pink. The animals were given another infusion of Stabisol in a dose of 10 ml/kg and intensive oxygen inhalation.
Effects of colloidal solution Stabisol in combination with perfluorocarbon blood substitute Perftoran (Treatment group)
The clinical picture of the animals in the treatment group was the same as in the control group at admission. On the 1st day, as studies showed, hematological indices in animals did not change, hematocrit 38%, lactate level 2,6 mmol/l.Hypoxia of the tissues had not developed yet, and the proportional loss of plasma and blood cells did not affect the hematocrit. The clinical picture was dominated by symptoms associated with a decrease in total CBV: a sharp drop in blood pressure, paleness of skin and visible mucous membranes, tachycardia and tachypnea; hematological and clinical signs corresponded to the first stage of posthemorrhagic anemia (stage of collapse). To replenish CBV Stabisol in a dose of 10 ml/kg was used according to the same scheme, as in the control group. To correct the gas composition of blood Perftoran in a dose of 10 ml/kg was used. During the infusion patients were given an oxygen inhalation. Then the animals underwent the surgery to eliminate internal bleeding.
SpO2 in animals under general anesthesia was 95-97%, and even without intensive oxygenation SpO2 did not fall below 95%, which indicated the absence of hypoxemia, despite the acute blood. The animals adequately recovered from general anesthesia, the patients' condition was stable.
On the 2nd day after the blood loss in animals, despite the decreasing level of the hematocrit to 16% and the distinct signs of anemia in the form of anemic mucosa, shortness of breath, oppression, feed refusal and tachycardia, the lactate level remained within the reference values. To replenish CBV and gas composition of blood patients were given another infusion of Stabisol in a dose of 10 ml/kg and Perftoran in a dose of 10 ml/kg, combined with an oxygen inhalation.
On the 3rd day after the bleeding, the cats were in a satisfactory condition, the lactate level decreased to 2,5 mmol/l; despite a low level of the hematocrit of 18%, the signs of hypoxia were noticeable: tachycardia, tachypnea, diaphragmatic breathing, anemic mucosa, increased thirst, loss of appetite. As a curative care patients were given infusion of Stabisol and Perftoran in the same dose, combined with an oxygen inhalation.
On the 5th day of the animal observation, the state stabilization in patients was noticeable: appetite improved, the hematocrit increased to 21%, which was reflected in an increased activity, the mucous membranes became pale pink, and tachycardia disappeared. Lactate did not tend to increase and was 2,0 mmol/l. To fixate a positive clinical picture, the animals were infused with Stabisol and Perftoran in the same dose, combined with an oxygen inhalation.
On the 7th day of the animal observation, the hematocrit increased to 31%, whereas lactate -to 2,7 mmol/l, with increased activity, shortness of breath was absent, appetite improved, mucosa was pale pink. Despite the obvious improvement of clinical and biochemical parameters, cats were given another infusion of Stabisol and Perftoran in the same dose, combined with an oxygen inhalation.
DISCUSSIONS
The aim of this study was to determine the clinical effectiveness of the perfluorocarbon based blood substitute Perftoran with a gas-carrying function in acute posthemorrhagic anemia in animals and reveal possible side effect of the blood substitute and remove them.
Prevoius studies have shown, that infusion of the gascarrying drug Perftoran, which provides an oxygen supply and helps the organism of the patient, which has received severe polytrauma, to go through the general anesthesia, surgical intervention and postoperative period, is necessary to be carried out on injured animals (14) (15) (16) .
Hematological indices of cats in both groups. Using pulse oximetry during the surgical intervention in animals with acute blood loss made it possible to compare the SpO2 of the patients in the treatment and control groups on the 1st day of admission. It is clearly seen that the SpO2 level of the animals in the treatment group after the administration of Perftoran, despite the severe blood loss, has not fallen below 95%, which indicates the absence of hypoxemia. On the contrary, in the control group the SpO2 level dropped to 79%, indicating a life-threatening hypoxemia.
During anesthesia saturation must always remain within 95-100%. If the saturation is 94% or lower, the patient develops hypoxemia, and emergency measures must be carried out. Saturation below 90% requires urgent care (6, 17, 18) .
Our results have shown, that hematological parameters of the cats in the control group in all stages were almost identical to the parameters of the cats in the treatment group, however, the lactate level in the hydremic stage, i.e. 48 hours after the blood loss, increased above the reference values and tended to increase, which indicated the development of the tissue hypoxia of the injured animal, and only 7 days later after the injury the lactate level was reduced to reference values, which was associated with the increase in RBCs and decrease in tissue hypoxia. As a result of developing posthemorrhagic anemia of moderate severity, in injured animals their own endogenous compensation mechanisms activated, which allowed the body to replenish the lost volume of RBCs and maintain its viability.
In the treatment group of animals, in comparison with the control group, the lactate level remained within the reference values for 7 days, despite the low level of RBCs, which indicated the absence of tissue hypoxia ( Table 1 , Figs. 1 and 2) .
It is known that lactate in the animals is formed as a result of anaerobic metabolism. Its level increases due to the poor blood supply and tissue hypoxia. The range of normal lactate levels in cats is 0,5-2,8 mmol/l (5, 18, 19) . Studies have shown that at injection of gas-carrying blood substitute Perftoran the lactate level has been significantly better in the treatment group. This is due to the gas-carrying properties of the perfluorocarbon emulsion -the basis of Perftoran (20) .
The perfluorocarbon emulsion increases the mass transfer of O 2 due to the following effects: an increase in level of physically dissolved O 2 in the plasma (21); accelerated diffusion of O 2 in perfluorocarbons; increase in saturation speed of O 2 in perfluorocarbons; large surface area for gas exchange; intensification of O 2 extraction by emulsion particles from the RBCs' hemoglobin; formation of a "pearl-thread" structure of perfluorocarbons in the bloodstream, which are oxygen channels, through which oxygen conductivity is 20-25 times higher than in the plasma (21, 22) .
Perfluorocarbon emulsion reduces the viscosity of the blood and improves the vascular bed, which facilitates the passage of RBCs through the capillaries, thus increases the delivery of O 2 ; improves the parameters of gas composition and acid-base balance of blood, reduces acidosis. 
CONCLUSIONS
Based on the obtained results, the following conclusions can be drawn. The use of the gas-carrying substitute for donor blood Perftoran in the treatment group of animals with posthemorrhagic anemia, which resulted from polytrauma, eliminated tissue hypoxia. Also, the treatment of the animals in the control group with standard solutions (by infusing Stabisol) without gas transport correction led to the development of persistent hypoxia, which persisted to the stage of reticulocyte crisis. We can conclude that the use of Perftoran in correction of massive blood loss allows maintaining the level of gas transport properties of blood (SpO2) at the physiological level, which does not allow the hypoxemia to develop. Finally the use of Perftoran with strict adherence to the rules did not lead to adverse allergic reactions in animals. In the future, the clinical experience in treating animals with polytrauma allows the recommendation of perfluorocarbon based blood substitute with gas-carrying function Perftoran as an alternative substitute for donor blood.
